Stress is a common experience of daily life and all organisms have developed mechanisms to cope with it. Sustained stress can have numerous pathophysiological effects such as activation of neuro-endocrine (limbic-hypothalamic-pituitary adrenal system)\[[@ref1]\] and hormonal (corticosterone release) functions.\[[@ref2]\] Sustained and persistent stressful conditions can precipitate anxiety and affective disorders such as depression, which further leads to the excessive production of free radicals and oxidative burden.\[[@ref3]\] In an organism, diverse stressors activate a wide spectrum of interacting hormonal and neuronal systems resulting in behavioral (anxiety disorders, decrease in food intake, decrease in sexual behavior, and loss of cognitive function) and physiological responses (activation of pituitary adrenal axis and release of glucocorticoids into the blood stream).\[[@ref4]\] These stressors are stimulators of arousal and lead to autonomic (changes in body temperature and tachycardia) and behavioral changes; however, when arousal increases to stress-like levels, it results in psychiatric and physical disorders\[[@ref5]\] \[[Figure 1](#F1){ref-type="fig"}\]. Different animal models have been developed for chronic stress-induced neurological disorders such as the olfactory bulbectomy model, and the chronic unpredictable stress model. These animal models are used to screen various new chemical entities and to develop a better understanding of the underlying molecular pathway in chronic stress pathology. Stress responses are variable and there are individual differences both physiologically and behaviorally in how an organism perceives a perturbation and in the resulting adaptational/maladaptational processes.\[[@ref6]\]

![Relationship between arousal, psychological stress, physical stress and pathology](JPBS-5-91-g001){#F1}

Stress and Stressors {#sec1-1}
====================

Stress can be defined generally as responses to demands upon the body.\[[@ref7]\] It is the body\'s reaction to a change that requires a physical, mental, or emotional adjustment or response\[[@ref8]\]. It can come from any situation or thought that makes one feel frustrated, angry, nervous, or anxious. Conceptually, stress can be any threat, either real or perceived, to the well-being of an organism and it can be of two types as shown in [Table 1](#T1){ref-type="table"}.
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Stressor is a stimulus, either internal or external, that activates the hypothalamic pituitary adrenal (HPA) axis and the sympathetic nervous system resulting in physiological change.\[[@ref9]\] Long-term exposure to stressors can cause depression,\[[@ref10]\] post-traumatic stress disorder, and anxiety disorders. The degree of behavioral control that an individual has over a stressor often determines the consequence of that stressor and plays a key role in the development of pathological behaviors after a traumatic event.\[[@ref11]\] The potency to cope with the stressors is a fundamental requirement for survival. Brain is the target for different stressors because of its high sensitivity to stress-induced degenerative conditions.\[[@ref12]\] The brain tissue is made up of large amounts of polyunsaturated fatty acid, thus making it vulnerable to free radical attacks.\[[@ref13]\]

Neurobiology of Stress {#sec1-2}
======================

Hormonal involvement {#sec2-1}
--------------------

In biological terms, stress has been defined by various physiologic changes including activation of the pituitary adrenal axis, which leads to the liberation of adrenal steroids triggered by the release of adrenocorticotrophic hormone (ACTH) from the pituitary.\[[@ref1]\] This ACTH stimulation is controlled by the corticotropin releasing factor (CRF) present in the hypothalamus and released in response to various stressors. This over-activation can produce the psychopathology of anxiety such as disorders, depression, and even damage to body organs in chronic severe cases.\[[@ref7]\] The stress-responsive systems are interconnected and the activation of the HPA axis is facilitated by stress-induced norepinephrine (NE) release in certain regions of the brain such as hippocampus and amygdala.\[[@ref14]\] Any dysregulation of these systems can lead to various stress-related complications.\[[@ref15]\] CRF is the principal activator of ACTH secretion by the anterior pituitary.\[[@ref1]\]. Activation of this axis, also called the HPA axis, results in glucocorticoid release into systemic circulation. These glucocorticoids are in turn considered to be key players in an organism\'s response to stress.\[[@ref16]\] Stress and glucocorticoids have specific effects on cognitive functions in humans and in animal models. Adrenal steroids and stressful events result in short-term and reversible deficits in episodic and spatial memory in both animal models and humans. Acute effects of stress are evident within a time span ranging from a few hours to a day are generally reversible and selective to a particular task or situation.\[[@ref17]\]

Neurotransmitters and Stress {#sec1-3}
============================

Gamma-aminobutyric acid {#sec2-2}
-----------------------

It is an important inhibitory neurotransmitter in the central nervous system. The role of GABA and benzodiazepine receptors has been well documented in stress disorders such as anxiety, epilepsy, insomnia, and convulsive disorders.\[[@ref18]\] Stress has been reported to alter the content of the GABA neurotransmission, which suggests the involvement of GABA in stress-induced behavioral and biochemical alterations.\[[@ref19]\] Melatonin (N-acetyl-5-methoxy-tryptamine) is a secretory product primarily synthesized in the pineal gland and released into the blood stream and cerebrospinal fluid. Study revealed the involvement of GABAergic mechanism in the hypnotic action of melatonin.\[[@ref20]\] Stress induces the release of CRF and GABA from the amygdale and hypothalamus.\[[@ref21]\] It down-regulates vesicular glutamate transporter and its coupling with GABA-synthesizing enzyme, glutamic acid decarboxylase (GAD65) in response to maternal separation could lead to decreased GABA levels in the hippocampus.\[[@ref22]\]

Dopamine {#sec2-3}
--------

Stress-induced changes in dopamine (DA) levels within terminal areas seem to involve mainly ventral tegmental area projecting cells. Findings from preclinical studies suggest an uneven response of DA in different stressful stimuli. Specifically, an acute and controllable/escapable physical stress was seen to cause an enhanced DA efflux in the ventral striatum, whereas chronic and uncontrollable/inescapable exposure to the same stress attenuated DA release. Parkinson\'s disease is an age-associated neurodegenerative disease, clinically characterized as a movement disorder arising due to selective degeneration of dopaminergic neurons in the substantia nigra of the ventral midbrain, thereby depleting the dopamine levels in the striatum.

Norepinephrine {#sec2-4}
--------------

Brain epinephrine serves globally as an alarm system that decreases neurovegetative functions, such as eating and sleeping, and this contributes to accompanying increase in autonomic and neuroendocrine responses to stress, including HPA axis activation.\[[@ref23]\] NE also activates the amygdala, the principal brain locus for fear-related behaviors, and enhances the long-term storage of aversively charged emotional memories in sites such as the hippocampus and striatum. Monoaminergic systems regulate the activity of neurons in the amygdala.\[[@ref24]\] Stress has been reported to increase the turnover of NE in many terminal projection areas of the locus ceruleus\[[@ref25]\] and also increase extracellular NE in the hippocampus. There are substantial evidences suggesting that neurons in the brain containing and secreting noradrenaline and CRF are activated during stress.\[[@ref26]\] Hence, it is quite evident that both noradrenaline and CRF are involved in behavioral responses to stress \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref27][@ref28]\]

![Schematic presentation of major components of limbic system, modulating neurotransmitters, and their interplay with two major neurotransmitter systems that mediate stress response](JPBS-5-91-g003){#F2}

Serotonin {#sec2-5}
---------

Previous reports have suggested that stress affects the activity of central dopaminergic and serotonergic neurons.\[[@ref29][@ref30]\] Interactions between serotonin and CRF have been demonstrated by various studies in different parts of the brain \[[Figure 2](#F2){ref-type="fig"}\]. Studies have proved that significant reduction in serotonin level increases the responsiveness to stress.\[[@ref31][@ref32]\] Hippocampal serotonin concentrations are increased during psychosocial conflict in animals.\[[@ref33]\] The 5-hydroxytryptamine receptor 1A (5-HT~1A~) receptors are down-regulated in distinct brain regions including the hippocampus and cortex following stress.\[[@ref34]\]

Melatonin {#sec2-6}
---------

It is synthesized from tryptophan within the pinealocytes. Most synthetic activity occurs during the dark phase, with a major increase (7-150 fold) in the activity of serotonin-N-acetyltransferase.\[[@ref35]\] Melatonin, being an endogenous hormone, has also been known to improve the quality of sleep and reduce the formation of free radicals; it also allows the restoration of antioxidant enzymes.\[[@ref36]\] Serotonin is the intermediate product in melatonin synthesis and in the presence of serotonin-N-transferase it gets converted into N-acetyl serotonin, which further with the help of hydroxyl indole o-methyl transferase gets converted into melatonin \[[Figure 3](#F3){ref-type="fig"}\]. Thus, there is possibility of the involvement of serotonergic neurotransmission in the protective effects of melatonin.

![*De novo* synthesis pathway of melatonin](JPBS-5-91-g004){#F3}

Glutamate {#sec2-7}
---------

There is substantial evidence indicating that the Para ventricular nucleus (PVN) receives glutaminergic innervations from large brain areas involving the PVN itself and several other nuclei in and outside the hypothalamus. Among the neuroanatomical regions of glutamatergic afferents to the PVN, dorsomedial hypothalamic nucleus is the candidate locus for glutamatergic neurons that could be activated by immobilization stress. Microinjection of N-methyl-D-aspartate (NMDA) into the dorsomedial hypothalamic nucleus causes an increase in glutamate release in the PVN and results in cardiovascular response very similar to the one evoked by emotional stress.\[[@ref37]\]

Consequences of Stress {#sec1-4}
======================

Normal development and preservation of life and species depend on a normally functioning stress system. Maladaptive neuroendocrine responses, i.e., dysregulation of the stress system, may lead to disturbances in growth and development, and cause psychiatric, endocrine/metabolic, and/or autoimmune diseases or vulnerability to such diseases.

Stress and anxiety {#sec2-8}
------------------

According to previous reports stress induces anxiety-like behavior in both humans and animals.\[[@ref38]\] In response to stress, there is an increase in CRF levels. The CRF level decreases when the stressor is no longer present. Lee, *et al*. reported that chronic stress increases the length and volume of expression of CRF in areas of the brain associated with fear and emotion, including the amygdala\[[@ref39]\] \[[Figure 3](#F3){ref-type="fig"}\]. Such chronic stress changes the body\'s response, and the resulting increased expression of CRF is believed to be the cause of health-related stress problems such as anxiety, depression, and infertility.\[[@ref40]\] Exposure to stress represents an important factor for a number of neuropsychiatric disorders such as depression, post-traumatic stress disorder, and other anxiety disorders.\[[@ref41]\] There are earlier reports of enhanced noradrenergic or HPA axis activity in many psychopathological states such as depression and anxiety disorders.\[[@ref42][@ref43]\]

Oxidative stress contributes toward neuronal degeneration in the central nervous system in the process of aging as well as neurodegenerative diseases.\[[@ref44]\] The production of reactive oxygen species (ROS) is greatly increased under many conditions of toxic stress.\[[@ref45]\] One of the reasons for stress-induced enhancement of free radicals may be the elevation of nitric oxide (NO) production.\[[@ref46]\] This is further supported by the present determination of nitrite levels, which revealed significant increase in brain NO levels in stressed mice. The reactive nitrogen species along with ROS, working in concert with an inflammatory process, may play a substantial role in the pathogenesis of depression.\[[@ref46]\] Stress has been shown to be responsible for the depletion of several free radical detoxifying enzymes such as glutathione peroxidase, catalase, and superoxide dismutase.\[[@ref47]\] This results in oxidative burden, which has been implicated in stress as well as in the pathogenesis of several disease states. Since brain tissues consist of a high content of polyunsaturated fatty acids and one of the important consequences of oxidative stress is peroxidation of membrane lipids, this reaction produces marked damage to the structure and function of cell membranes in these tissues.\[[@ref48]\] Therefore, lipid peroxidation was supposed as the major biochemical alteration and consequence of oxidant-induced cell injury. Thus, the important consequences of stress could be attributed to stress-induced lipid peroxidation.

Stress and memory loss {#sec2-9}
----------------------

Memory impairment is a common and usual comorbidity associated with exposure to prolonged stress. Chronic stress has been found to induce cognitive dysfunction in psychiatric patients, which leads to the loss of synaptic connectivity and perhaps neuronal networks in limbic brain structures including the hippocampus and cortex. This further leads to loss of cholinergic neurons and results in a state of dementia.

Stress and its metabolic consequences {#sec2-10}
-------------------------------------

Activation of the stress system leads to behavioral and hormonal changes that improve the ability of the organism to adjust to homeostasis and increase its chances of survival.\[[@ref49]\] Hypothalamic corticotrophin-releasing harmone (CRH) plays a major role in inhibiting gonadotropin-releasing hormone secretion during stress, while via somatostatin it also inhibits growth hormone, thyrotropin-releasing hormone, and thyrotropin secretion, thus suppressing reproduction, growth, and thyroid function. Chronic activation of the stress system would be expected to increase visceral adiposity, decrease lean body (muscle and bone) mass, and suppress osteoblastic activity.\[[@ref23]\] Glucocorticoids directly inhibit pituitary gonadotropin, growth hormone, and thyrotropin secretion and make the target tissues of sex steroids and growth factors resistant to these substances.\[[@ref50]\] Glucocorticoids also have direct effects on the bone, inhibiting osteoblastic activity and causing osteoporosis.\[[@ref49]\] Obese subjects with psychiatric manifestations ranging from those of melancholic depression to anxiety with perception of 'uncontrollable' stress frequently have mild hypercortisolism. Stress-induced hypercortisolism and visceral obesity and their cardiovascular as well as other sequel increase the mortality risk of affected subjects by 2-3fold and curtail their life expectancy by several years.\[[@ref23]\]

Stress and immunological changes {#sec2-11}
--------------------------------

Stress has been associated with impaired immune function and increased susceptibility to infectious diseases.\[[@ref51]\] It is now believed that the nervous, endocrine, and immune systems are so intimately connected that they should be regarded as a single network rather than as three separate systems.\[[@ref51]\] It is widely accepted that psychological stress and psychiatric illness can compromise immune function,\[[@ref52]\] and soluble mediators released by immune cells can affect the central nervous system, thus producing alterations in behavior. Exposure to stressful life events such as academic examinations and divorce was reported to cause impairments in various aspects of cellular immune function.\[[@ref53]\] There are also reports of immune activation,\[[@ref53]\] in addition to immunosuppression in both the depressed and subjects exposed to stressful life events.

Animal Models for Acute and Chronic Stress {#sec1-5}
==========================================

Animal models are the basic tools to understand the pathophysiology of the disorders and for the development of newer therapeutics. The model should be simple and reproducible in other animal species. Stress can be acute or chronic based on the duration of exposure to the stressors \[[Table 2](#T2){ref-type="table"}\]. Failure to terminate acute stress response can lead to persistent changes that are characteristic of chronic stress state. An interesting characteristic of the endocrine response to an acute stressor is that it is facilitated in animals exposed to chronic or repeated stress\[[@ref54]\]
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Therapeutic Strategies Involved in the Management of Stress {#sec1-6}
===========================================================

Pharmacological approaches {#sec2-12}
--------------------------

### Benzodiazepines {#sec3-1}

One of the important consequences of stress is anxiety. Benzodiazepines (e.g., flurazepam, diazepam, chlordiazepoxide) are effective in the rapid treatment of anxiety disorder. Benzodiazepines are often associated with the risk of dependence, which is a major drawback associated with this class of drugs.\[[@ref55]\]

### 5-HT~1A~ receptor agonists {#sec3-2}

The 5-HT~1A~ receptor is related to emotion and 5-HT~1A~ receptor agonists can induce anxiolytic and antidepressant effects in both humans and animals.\[[@ref56]\] 5-HT~1A~ receptor agonists are effective in stress-induced behavioral symptoms. Buspirone is a non-benzodiazepine anxiolytic agent and is a partial 5-HT~1A~ receptor agonist.\[[@ref57]\] The 5-HT~1A~ receptor partial agonist, tandospirone, is an azapirone derivative similar to buspirone and has anxiolytic effects.\[[@ref58]\] Diazepam is also a widely used anxiolytic and inhibits various stress-induced changes such as activation of the HPA axis.

### Cyclooxygenase-inhibitors {#sec3-3}

COXis the rate-limiting enzyme that converts arachidonic acid into prostaglandins and has been suggested to play an important role in various central nervous system-related disorders. Moreover, prostaglandins play an important role in mediating the HPA responses to immune insults.\[[@ref59]\] Naproxen (non-selective cyclooxygenase (COX) inhibitor) and rofecoxib (selective COX-2 inhibitor) are known to attenuate oxidative stress by inhibiting COX and thereby prostaglandin release.

### Antioxidants {#sec3-4}

Antioxidants are known to have great importance in human disease pathology because of their possible action against free radicals.\[[@ref60]\] Dietary macronutrients contribute to the antioxidant defense system. These include β-carotene, vitamin C, and vitamin E. In view of the vital role of oxidative stress in the pathogenesis of Alzheimer\'s disease (AD), the potential role of these antioxidant supplements to prevent AD has gained much interest.\[[@ref61]\] A complete list of herbal antioxidants in management of stress along with their proposed mechanism of action is shown in [Table 3](#T3){ref-type="table"}.
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### Tricyclic anti depressants {#sec3-5}

Tricyclic antidepressants such as trazodone, mirtapazine, doxepin, and amitriptyline having a stronger sedative effect are also prescribed for insomnia in doses sub-threshold for the treatment of depression. These drugs may have a partial protective role against sleep deprivation-induced anxiety-like behavior and altered locomotor activity.

Non-pharmacological approaches {#sec2-13}
------------------------------

These strategies include exercises, relaxation techniques, and physical exercise programs including laughter and motivation. These may include:

### Exercising {#sec3-6}

Exercising is the most effective way to becoming stress-free. One should exercise daily. This will help to relax and keep mind off things that cause stress. There are a few simple exercises that can help release stress. Walking, light aerobics, jogging, and riding a cycle or bike are some of the simplest ways out of de-stressing. Playing games is also effective in releasing stress.

### Relaxation techniques {#sec3-7}

Relaxation techniques can help relieve stress and put the mind at ease. With some daily schedule, stress can be reduced. Soft music can be therapeutic for a stressful mind. Yoga and meditation can also be used as relaxation techniques to relive stress. Meditation can help one get rid of negative feelings, such as anger. Deep breathing can help relax and relieve stress.

### Laughter {#sec3-8}

Humor in one\'s life decreases stress. Laughter is a good medicine for everyone. Laughter in life can increase the positive energy and mitigate any negative vibes. Laughter releases the anger and frustration bottled up inside from being stressed.

### Motivation techniques {#sec3-9}

Motivation provides an impetus to get up and do something. Stress can be used as a motivator to change the way of thinking in life. One should learn to be motivated in life and make things better.

Conclusions {#sec1-7}
===========

Although stress has been intensely studied over the past half-century, the mechanism of stress is still unknown because of a wide array of cellular activities. However, investigations into the mechanisms regarding these roles are still yielding new surprises and twists. This review describes stressor and neurobiology of stress in relation to their animal model. It also discusses the pathological and clinical symptomatic management of stress. However, further research investigations arerequired to reveal the unknown mechanisms that would help in developing a mechanism that would help manage stress.
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